16 17 Version 1 of the NASA MERRA Aerosol Reanalysis (MERRAero) assimilates bias-corrected 18 aerosol optical depth (AOD) data from MODIS-Terra and MODIS-Aqua, and simulates particulate 19 matter (PM) concentration data to reproduce a consistent database of AOD and PM concentration around 20 the world from 2002 to the end of 2015. The purpose of this paper is to evaluate MERRAero's simulation 21 of fine PM concentration against surface measurements in two regions of the world with relatively high 22 levels of PM concentration but with profoundly different PM composition, those of Israel and Taiwan. 23 Being surrounded by major deserts, Israel's PM load is characterized by a significant contribution of 24 mineral dust, and secondary contributions of sea salt particles, given its proximity to the Mediterranean 25 Sea, and sulfate particles originating from Israel's own urban activities and transported from Europe. 26 Taiwan's PM load is composed primarily of anthropogenic particles (sulfate, nitrate and carbonaceous 27 particles) locally produced or transported from China, with an additional contribution of springtime 28 transport of mineral dust originating from Chinese and Mongolian deserts. The evaluation in Israel 29 produced favorable results with MERRAero slightly overestimating measurements by 6% on average 30 and reproducing an excellent year-to-year and seasonal fluctuation. The evaluation in Taiwan was less 31 favorable with MERRAero underestimating measurements by 42% on average. Two likely reasons 32 explain this discrepancy: emissions of anthropogenic PM and their precursors are largely uncertain in 33 China, and MERRAero doesn't include nitrate particles in its simulation, a pollutant of predominately 34 anthropogenic sources. MERRAero nevertheless simulates well the concentration of fine PM during the 35 summer, when Taiwan is least affected by the advection of pollution from China. 36 37
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China, and MERRAero doesn't include nitrate particles in its simulation, a pollutant of predominately 34 anthropogenic sources. MERRAero nevertheless simulates well the concentration of fine PM during the 35 summer, when Taiwan is least affected by the advection of pollution from China. Emission Dataset (QFED) version 2.1 (Buchard et al., 2015) . 58
MERRAero simulates the concentration of the five aerosol species listed in the previous paragraph 59 all over the world with a resolution of 0.5° latitude by 0.625° longitude and 72 vertical layers (from the 60 surface to 80 km) from 2002 to the end of 2015 (Buchard et al., 2015) . Considering that these aerosol 61 species, also referred to airborne particulate matter (PM), affect public health and visibility differently depending on their size and chemistry (e.g., Laden et al., 2000; Schwartz and Neas, 2000; Groblicki et 63 al., 1981) , MERRAero's differentiation of the aerosols' chemical speciation is a significant improvement 64 for studying a broad range of air quality issues around the world since very few monitoring networks 65 make such a distinction of local PM observations, but especially in regions with unreliable or scarce 66 monitoring. 67
Different components of MERRAero have been evaluated in different regions of the world. Its 68 assimilation of AOD has been validated over Africa, South America, central and eastern Asia using many 69 remote sensing instruments (Buchard et al., 2015) ; in the United States, the surface concentrations of 70 PM2.5, their chemical speciation and SO2 has been thoroughly evaluated (Buchard et al., 2014; ; 71 and in Europe, an evaluation of the surface concentrations of PM10, PM2.5 and some of their chemical 72 speciation has been performed (Provençal et al., 2016) . The concentrations of PM10, PM2.5 and SO4 were 73 generally well simulated in both the U.S. and Europe but Buchard differences with respect to the chemical speciation of PM between the two regions such as a 83 predominance of carbonaceous particles over the western U.S. due to summer wildfires and a 84 predominance of dust particles over southern Europe due to its proximity to the Sahara desert. 85
The PM signature in the U.S. and Europe is not representative of many other regions in the world 86 where PM sources and pollution control are profoundly different. In order for MERRAero to achieve 87 optimal reliability for studying air quality issues around the world, the purpose of this article is to pursue 88
MERRAero's evaluation in regions with different and distinct aerosol signatures, those of Israel and 89
Taiwan. The evaluation in Israel, a region with a heavy PM load due to its proximity to major deserts, 90 will ascertain MERRAero's ability to simulate the concentration of aerosol originating from natural 91 sources. Taiwan being located in a region of the world which is routinely experiencing severe air 92 pollution episodes, the evaluation there will provide insight on MERRAero's applicability in highly 93 polluted regions where its contribution would be most beneficial. The spatial consistency algorithm excluded 5% of the data in Israel. At 22.5 µg m -3 , the PM2.5 load 168 in Israel is high (Table 1) respectively. Furthermore, the density scatter plot of Fig. 2a reveals that although there is some scatter, 176 the bulk of the data is generally well simulated. This is further supported by a high FAC2 value of 76%. 177
The log-transformed data (Table 1; Fig. 2b ) support a similar analysis. Additionally, Fig. 3 compares the 178 annual and monthly fluctuations between simulated and observed data, and illustrates an excellent 179 identity between both datasets. 180
MERRAero's ability to accurately estimate [PM2.5] in Israel relies predominantly on its ability to 181 simulate [DS2.5] since [PM2.5] is largely composed of this species (Table 2) The spatial consistency algorithm excluded 3% of the data in Taiwan. The PM2.5 load in Taiwan is 195 higher than in Israel (29.8 µg m -3 ; Table 1 ). Despite a FAC2 of 59%, MERRAero's performance in 196 simulated data, 66% to be precise, is indeed underestimated. 199
MERRAero's simulation of [PM2.5] in Taiwan is mostly anthropogenic in nature (Table 2) The evaluation reproduced favorable results in Israel where MERRAero slightly overestimated 234 actual PM2.5 concentration by 6% on average. Although there is scatter within the distribution, most of 235 the simulation is reasonably accurate with over 75% of the simulated data falling within a factor of 2 of 236 measurements. Given that most of PM2.5 in Israel is mineral dust, this evaluation supports the assumption 237 that MERRAero performs well in simulating the concentration of fine dust originating from local and 238 regional sources throughout the year. 239
The evaluation is not as favorable in Taiwan where MERRAero significantly underestimated 240 measured PM2.5 concentration by 42% on average. Given that PM2.5 in Taiwan is mostly composed of 241 anthropogenic particles, many of which originate from China, two likely reasons explain this outcome: 242 the uncertainty with respect to Chinese emissions and the lack of nitrate particles in the simulation. The Fig. 1 over  378 the study period. 379
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